Considering a general Hamiltonian H(X,w, ...), which depends on more than one parameters X,o,... Berry discovered recently1), that a quantum system described as an eigenstate of this Hamiltonian, acquires a topological phase factor exp{i.d(C)>, when transported adiabatically around a path C in parameter space. This phase is of special importance in cases where the path includes a so called diabolical point, i.e. a point' in parameter space where two eigen energy surfaces E1(X,w) and E,(h,u) with the same symmetries of the Hamiltonian touch each other, as indicated schematically in Fig.1 . These points are exceptional points in the sense, that they violate the no crossing rule of von Neumann The diabolical points (indicated by circles) in the (X,o)-plane for the j=13/2 model. Full lines correspond to lines of constant average particle number, indicated by the numbers 1,2.. above the abscissa has in its spectrum several diabolical points. Its eigenfunctions a r e many-body wavefunctions of the HFB type. They describe rotating superfluid nuclei and depend on two parameters: The chemical potential X and the angular velocity o. These parameters are determined by the particle number A and the angular momentum I and are closely connected to deformations and pairing correlations, the two most important degrees of freedoms of nuclear collective motion.
The diabolical points of the Iiamiltonian (1) correspond to alignment processes of particles in the intruder orbits. They indicate sharp level crossings between certain configurations, a s for instance between the ground state band and an aligning twoquasiparticle band or between other multi-quasiparticle configurations. In the Rare Earth region the intruder orbit is the neutron lil,/, orbit. W e therefore use a model of particles moving in a deformed and superfluid single j-shell with j = 13/2, with 8~ = ~. ( 3 K = / j ( j + l ) -l ) .
I n particular we use A/K = 0.45.
In Fig.2 we show the diabolical points in the (X,w)-plane. The pattern of these points is very regular, a s is shown in a schematic way in Fig.3 . I t can be understood8) in terms of vanishing spatial overlap integrals between rotating single particle orbits with different signature. In Fig.: ! we also give the lines of constant average particle number and we find an interesting bunching of these lines a t the diabolical points. Fig.3 Schematic representation of the pattern of diabolical points in the (X,w) plane. Full horizontal arrows indicate pair transfer matrix elements with positive sign and dashed arrows indicate those with negative sign. Below the abscissa we indicate the K-quantum numbers in the deformed j=13/2 shell. On the right hand side experimental trajectories are shown, which correspond to two different paths around a diabolical point which yield destructive interference.
ENTRANCE EXIT
W e now study the influence of the Berry-Phase a t a specific diabolical point. W e have to choose a closed path in the (h,w)-plane around this point. Having in mind, that changes in h a t constant w mean changes in the particle number a t constant angular momentum, i.e. transitions from the nucleus A with spin I to the nucleus At2 with the same spin I by transfering a pair of nucleons coupled to angular momentum zero, and that change& in w for constant X indicate changes of the angular momentum within the same nucleus, we see that we can go on two different pathes from the point (A,I) to the point (A+2,1+2): either (A,I) + (At2,I) + (A+2,1+2) or (A,I) + (A,It2) + (A+2,1+2). Both pathes enclose the diabolical point, i.e. we have to end u p with wavefunctions Q(A+2,1+2), which differ by the phase -1. Since, by convention we choose a continuous connection for the phases of the wavefunctions along the lines with constant A, we see that the pair transfer matrixelement has to change its sign when crossing the diabolical point (st is a pair of particles coupled to angular momentum zero ( S t = ( C * C~)~=~ )). W e thus have a very natural explanation for the recently predicted effect of Diabolic Pair Transfer'), namely the oscillating bahavior of this matrix element shown in Fig.5 .
A s pointed out in ref. 4 this effect is a nuclear analogue of the DC-Josephson effect in solid state physics. Obviously the nucleus is a finite system and therefore the number of oscillations is finite. A s we see from Fig.3 it depends on the number of diabolical points between the to pathes (X(A),o) and (A(A+2),o). In Fig.2 ws find, that we have no such diabolical point and no oscillation, if the pair of nucleons is transfered to the neighborhood of the K=1/2 o r of the K=13/2 orbit in the i,,/, shell. We have one diabolical point and one sign change of the pair transfer matrix element, if the pair is transfered to the K=3/2 or to the K=11/2 orbit. For the K=5/2 and the K=9/2 we have two and for the K=7/2 orbit we have three oscillations.
The effect is not only restricted to the i=13/2 model, but it also shows up in fully realistic configuration spaces a s shown in Fig.4 . In fact all the arguments given in the present paper apply to the general case too. I t is therefore certainly the most interesting question to ask if this new effect can be discovered experimentally. The most direct evidence for the phase change would certainly be a destructive interfe- On the right hand side of Fig.3 we show, a t least schematically, the experiment, which would correspond to these two paths. It represents Coulomb excitation using heavy ions in connection with the transfer of a pair of particles. In a classical approximation the transfer takes place a t the distance of closest approach, a t which half the final angular momentum is transfered. We therefore propose the following: choose an appropriate initial energy and look only for the largest final angular momenta, such that the two most important reaction contributions come from the paths on two different sides of a diabolical point. In such a case one should be able to study the destructive interference between the wave functions corresponding to these two trajectories.
Since this is probably a very difficult experiment, we would propose only looking a t the square of the pair transfer matrix element: In the diabolic region it goes through zero, which means one should observe a reduction of this quantity in the this region. There are essentially two ways to search for such a reduction: i) One could investigate the behavior of P(1) for a fixed value of A a s a function of the angular momentum I. In this case one crosses the diabilical region in Fig.4 in a vertical direction. ii) One also could investigate the behavior of P(1,A) for fixed "diabolical" I in a chain of isotopes, i.e. a s a function of A. Now we cross the diabolical regions in a horizontal direction. One should observe a reduction for those nuclei, which show a particularly strong backbendingl1).
Since the diabolical points lie a t relatively low angular momenta in many nuclei, which can be reached by Coulomb excitation using heavy ions in connection with pair transfer1'), we hope that this new manifestation of the Berry-Phase will be seen experimentally in near future.
